The physicochemical characteristics, phenolic contents, and antioxidant capacities of the juices, seeds, and peels of six pomegranate cultivars from Shandong and Xinjiang provinces of China were compared. Results showed that high variability occurred in the physicochemical properties of the fruits, including fruit size, 100-aril weight, juice yield, titratable acidity (TA), total reducing sugar (TS), total soluble solids (TSS), and TS/TA. Comparison of the distribution of the phenolic contents and antioxidant activities in the peels, juices, and seeds revealed that the pomegranate peels possessed much more phenolic components and stronger antioxidant activities than the seeds and juices. The phenolic components of pomegranate peels were structurally identified and quantified by ultra-performance liquid chromatography coupled with mass spectrum (UPLC-DAD-ESI/MS n ), and punicalagin (α-and β-isomers) was found as the predominant phenolic component. Correlation analysis revealed that the antioxidant activities were highly positively correlated with the total phenolics and flavonoids. The above results indicated that the pomegranate peel was the most valuable part because of abundant total phenolics and high antioxidant activities, and the best cultivar for fresh consumption, juice extraction, and bioactive components preparation was "SD-QP." ARTICLE HISTORY
Introduction
Pomegranate (Punica granatum L.) is known as one of the oldest fruit crops, which is native to a region of Iran, and has been distributed throughout the Mediterranean region, South Asia, and Middle East. [1, 2] Pomegranate fruit is commercially valued for its juice-containing arils and is consumed widely as whole fresh fruit or marketed as dietary supplements such as extracted juice, jam, and wine. [3] Traditionally, the consumer preference as whole fresh fruit for pomegranate depends on the physicochemical characteristics, such as exocarp and aril colour, hardness of seed, maturity, juice content, and acidity and sweetness. [4] Besides being consumed as a fruit, the peel of pomegranate has been used in medications for treatment of diarrhoea, metrorrhagia, and stomach ache for thousands of years in China. [1] Recent studies also revealed that the pomegranate fruit has potent health benefits including efficacy against infectious diseases, atherosclerosis, coronary heart disease, and cancer because of the abundant phenolic compounds, such as ellagic acid, punicalin, galloylglucose, and punicalagin in its juice and peel. [5, 6] Epidemiological studies have shown that reduced cancer mortality and cerebrovascular and cardiodisease are associated with consumption of phenolic-rich fruits. [7, 8] Therefore, increased popularity of pomegranate products as functional foods is expected in the future. [9] [10] [11] [12] However, the quality and amount of bioactive components in pomegranate fruit is affected by seasonal differences, geographic origin, and cultivar. [13] [14] [15] [16] In terms of physicochemical quality and phenolic contents, the cultivar and geographic region difference is more influential than the seasonal difference. [14] [15] [16] [17] Pomegranate has been cultivated in China for more than 2000 years. It is widespread, with more than 200 cultivars, and it is especially common in Shandong, Xinjiang, Yunnan, and Shaanxi provinces. [18] Many studies have been carried out in recent years concerning the physicochemical quality of fresh pomegranate fruit from different cultivars, such as fruit size, weight, and flavour. [4, [19] [20] [21] However, systemic profiles of the physicochemical characteristics, bioactive components, and antioxidant activity of these cultivars have been scarcely reported. Furthermore, few studies have examined the distribution profiles of the bioactive components in fruit peel, juice, and seeds.
This study aimed to compare the physicochemical characteristics, phenolic content and composition, and antioxidant capacities of six local and popular commercial pomegranate cultivars grown in Shandong and Xinjiang regions of China and to demonstrate the common phenolic distribution profiles and their relationships. The results of this study will provide clues for further breeding efforts and will contribute to cultivar and raw material selection for the development of new pomegranate functional foods.
Materials and methods

Standards and reagents
Folin-Ciocalteu reagent (FCR), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2ˊ-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS), and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Ellagic acid, gallic acid, punicalin, punicalagin (α-and β-isomers), rutin, and catechinic were offered by Spring & Autumn Co. (Nanjing, China). Acetonitrile, methanol, formic acid, and other solvents used for UPLC (ultraperformance liquid chromatography) analysis were purchased from Merck (Darmstadt, Germany). Distilled water was prepared with Millipore Milli-Q apparatus (Milford, CT, USA). All other analytical grade reagents were purchased from Beijing Chemical Co. (Beijing, China).
Samples and pretreatment
The pomegranate fruits of Bolicui (SD-BLC), Damaya (SD-DMY), and Qingpi (SD-QP) were collected in Zaozhuang, Shandong province, and Kashgar Suan (XJ-KS), Hotan CeLe1# (XJ-HT), and Piyaman (XJ-PYM) were collected in Kashgar and Hotan, Xinjiang Province of China.
All fruits were freshly collected in the 2013 harvesting season. After collection, the fresh fruit weights and diameters were measured (n = 10). According to the methods in literature, [17, 22] the fresh arils and peel (including the leathery exocarp and mesocarp) of each fruit cultivar were manually separated and weighed, then the arils of six fruit cultivars were manually squeezed, filtered through three layers of gauze, and stored at -20°C. The pomegranate seeds were cleaned, lyophilized, ground, and then defatted with petroleum ether in a water bath (80°C, 2 × 2 h). Finally, the defatted seed residues and peels were lyophilized, ground, and extracted with 80% methanol-water solution using a Soxhlet apparatus at 80°C (3 × 2 h). The slurries were combined, filtered, evaporated at 60°C using a rotary evaporator, and lyophilized to obtain peel and seed extracts for further use.
Determination of total phenolics, total flavonoids, and proanthocyanidins
Total phenolics in peel, seeds, and juice were estimated as gallic acid equivalent (GAE) using a modified Folin-Ciocalteu method described previously. [23] The total phenolic contents in dried seeds and peel were expressed as mg GAE g −1 DW (dried weight). The content in juice was expressed as mg GAE g −1 FW (fresh weight). Total flavonoids were determined as described by Saikia et al. [24] and expressed as mg rutin equivalent (RE) g −1 DW in peel and seeds and mg RE g −1 FW in juice. Total proanthocyanidins were quantified using the vanillin assay following the protocol reported by Min et al. [25] The contents of total proanthocyanidins were expressed as mg catechinic equivalent (CE) g −1 DW in peel and seeds and mg CE g −1 FW in juice.
Analysis of phenolic compounds in pomegranate peel
UPLC-DAD/ESI-MS n analyses were carried out using an Agilent 1260 Infinity II LC system coupled with a QTRAP® 5500 system (AB, USA). Analytical separation was carried out at 30°C on a ZORBAX RRHD SB-C18 column (2.1 mm id × 50 mm, 1.8 μm), at a flow rate of 0.6 mL min −1 . Linear gradient elution was performed with 0.2% formic acid water solution (eluent A) and acetonitrile (eluent B), and the elution program was as follows: 0-30 min, B: 10%; 30-35 min, B: 10→20%; 35-40 min, B: 20→25%; 40-55 min, B: 25%; 55-60 min, B: 25→60%.
The MS was obtained by scanning ions with mass to charge (m/z) ratio ranged 100-1500 Da in negative electrospray ionization (ESI) mode using an AB SciexQTrap 5500 mass spectrometry. Under the model of information dependent acquisition (IDA), the main parameters were as follows: scan type, Q3 MS (Q3); ion spray voltage (IS), −4500 V; curtain gas (CUR), 25 psi; source temperature (TEM), 550°C; declustering potential (DP), −60 V; auxiliary gas (N 2 ), 50 psi; entrance potential (EP), −10 V; collision cell exit potential (CXP), −22 V; collision energy (CE), −42 V; under the enhanced product ion (EPI) scan model, the main parameters are as follows: IS, −4500 V; CUR, 25 psi; collision-activated dissociation (CAD), high; TEM, 550°C; DP, −60 V; CE, −60 V; EP, −10 V. Mass data were acquired and processed using SCIEX Analyst® software (version 1.6.1).
To identify and quantify the individual phenolic compound, mixed stock solutions of gallic acid, punicalin, α/β-punicalagin, and ellagic acid reference materials were serially diluted to 0.5-200 mg L −1 . Both the mixed reference solutions and samples were analysed. The extracted ion chromatogram (EIC) ( Fig. 3C ) was used to identify the peaks for integration. The concentration of each phenolic component was calculated based on the calibration curves of each reference substance plotted as the peak area at λ max as a function of the series of concentrations. [26] The λ max used to quantify gallic acid, punicalin, punicalagin, and ellagic acid were 274, 380, 380, and 254 nm, respectively. The peaks of punicalagin (α-and β-isomers) were assigned according to references, [26] and the summary concentration of punicalagin was calculated as the total of α and β. The linearity of the instrument was confirmed by performing a linear regression on the collected data (r 2 = 0.9999) ranged 0.5-200 mg L −1 . The limits of detection (LOD) and limits of quantification (LOQ) were 0.015, 0.05, 0.07, 0.02 and 0.05, 0.15, 0.20, 0.10 mg L −1 for gallic acid, punicalin, α/β-punicalagin, and ellagic acid, respectively.
Antioxidant capacities
The antioxidant activities of pomegranate extracts, including DPPH, ABTS radical scavenging capacity, and ferric reducing antioxidant power (FRAP) were estimated as described. [23, 27] All extracts were reconstituted with 80% methanol aqueous solution to a concentration of 0.1 g L −1 . For DPPH radical scavenging capacity assay, 0.1 mL of extract was mixed with 2.5 mL of freshly prepared DPPH methanol solution (0.1 mM) and measured at 517 nm after incubation for 20 min in the dark. For ABTS assay, 0.1 mL of extract solution was mixed with 1.5 mL of ABTS• + working solution, and the absorbance at 734 nm was recorded after 6 min. In the test of FRAP, the FRAP reagent was composed of 300 mM acetate buffer (25 mL, pH = 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCl (2.5 mL), and 40 mM FeCl 3 6H 2 O (2.5 mL). An aqueous of extract solution (0.1 mL) was mixed with 3.0 mL FRAP agent and incubated for 5 min at room temperature before recording the absorbance at 593 nm" conveys the intended meaning>An aqueous of extract solution (0.1 mL) was mixed with 3.0 mL FRAP agent and incubated for 5 min at room temperature before recording the absorbance at 593 nm. In all assays, Trolox at a series of concentrations were used to plot the calibration curves and the antioxidant activities were expressed as mg TEAC (Trolox equivalent antioxidant capacity) g −1 DW in peel or seeds and mg TEAC g −1 FW in juices.
Statistical analysis
All of the results were expressed as mean ± standard deviation (SD) for at least triplicate analyses of each sample. The analysis of variance (ANOVA) and Duncan's multiple range test were performed by IBM SPSS statistical 20.0 software (SPSS, Inc., Chicago, IL, USA). The principal component analysis (PCA) and Pearson correlation coefficient were also evaluated by 20.0 SPSS statistical software.
Results and discussion
Physicochemical characteristics of pomegranate fruit
The physicochemical properties such as exocarp and aril colour, fruit size and weight, aril weight, and juice yields are important commercial quality factors. As shown in Fig. 1 , the colours of the exocarp, aril, and juice varied significantly among the six cultivars. SD-BLC had the lightest exocarp, aril, and juice colour, and XJ-KS had the darkest colour. The single fruit weight also varied significantly (Table 1) , but, the variability in fruit size (fruit diameter) was not as great as that of the single fruit weight. The 100-aril weight ranged from 32 to 74 g, with the highest in SD-BLC and the lowest in SD-QP. The aril yield in all of these cultivars was more than 50%, which is consistent with that of cultivars in Croatia (35.7-62.1%) and Morocco (53.4-61.2%). [21, 28] Juice yield ranged significantly from 36 to 50%, which is much lower than that reported for cultivars in Croatia (67.4- 76.9%), but higher than Iran (26.95-46.55%). [14, 21] These differences might stem from the methods of juice extraction as well as the cultivar, as mechanical pressing generally yields less juice than blender extraction does. [29] For most fruit species, the titratable acidity (TA) and total reducing sugar (TS) are important indicators of tartness and sweetness, and the TS/TA ratio is a valuable indicator of flavour and taste quality reflecting the balance between tartness and sweetness. The typical values of the TS and TA were 68.2-217.2 (TS) and 2.7-36.6 mg g −1 FW (TA). [14, 16] According to the results of TS, TA, and TS/TA (Table 2 ) and the classification proposed by Melgarejo et al., [13] SD-BLC, SD-DMY, SD-QP, and XJ-PYM belong to the sour-sweet cultivars, which are tastier and more suitable for fresh consumption, and XJ-KS and XJ-HT belong to the sour group. Total soluble solid (TSS) content varied from 13.71% (SD-BLC) to 18.35% (XJ-HT), similar with the values of other reported pomegranate cultivars. [14] [15] [16] [17] [18] [19] These data provided evidence that the physicochemical characteristics of pomegranate fruit varied greatly by cultivar.
Correlation analysis was carried out to assess influences on the dependent variables. No highly positive correlation between fruit size and fruit weight was observed (γ = 0.504). For example, there was no significant difference in fruit size among SD-QP, SD-DMY, and XJ-PYM, although their individual fruit weights varied significantly. Both fruit weight and fruit diameter were negatively correlated with TA (γ =--0.517 and -0.807) and positively with pH and TS/TA. However, the fruit weight and fruit diameter were not correlated with the 100-aril weight, in contrast to the correlations reported for Croatian cultivars. [21] The 100-aril weight was positively correlated with aril yield and juice yield, but highly negatively correlated with TSS and TS. Therefore, increased aril weight resulted in increased aril and juice yield, but not in increased TSS or TS yields. TA and TS were both positively correlated with the TSS, and the TS/TA ratio was highly correlated with fruit diameter and weight. These data indicated that the fruit weight and diameter and aril weight are import physical properties, and TSS and TA are notable chemical factors of pomegranate fruit.
PCA was carried out to show the dispersion of the six pomegranate cultivars based on the different parameters of physicochemical characteristics (Fig. 2) . PCA was constructed with two principal components (PC1 and PC2) explaining 82.18% of the total variance in the data, which have been chosen on the basis of their eigenvalues (>1). According to the PCA biplot, six pomegranate cultivars were discriminated successfully. Aril yield, 100-aril weight, and juice yield were Mean value ± SD (n = 10) followed by different letters in each column indicate significant differences at p < 0.05. Mean value ± SD (n = 10) followed by different letters in each column indicate significant differences at p < 0.05.
contributed most to separating SD-BLC from other cultivars, while SD-DMY were characterized by fruit weight, TS/TA, and pH. SD-QP was characterized by fruit diameter, XJ-HT was characterized by TA, while XJ-KS was characterized by TSS and TS. In addition, XJ-PYM was characterized by TS and well separated from other cultivars.
Total phenolics, flavonoids, and proanthocyanidins in peel, juice, and seeds of pomegranate
The total phenolics, flavonoids, and proanthocyanidins in fruit peel, juice, and seeds of the six cultivars are shown in Table 3 . The majority of the total phenolics (92.24-98.09%), flavonoids (92.61-98.32%), and proanthocyanidins (84.87-97.25%) in the six cultivars were found in the pomegranate peel, and only a small amount of these compounds was present in the fruit juice and seeds. The total phenolics, flavonoids, and proanthocyanidins observed in pomegranate peel among these six cultivars were significantly different (p < 0.05). The total phenolic and flavonoid contents in SD-QP and SD-DMY were much higher than those in the other four cultivars in this study and higher than those in the southern Tunisia cultivar "Gabsi" reported by Elfalleh et al., [30] which had only 85.60 mg GAE g −1 phenolics and 51.52 mg RE g −1 flavonoids. In the present study, the total phenolic and flavonoid contents were the lowest for SD-BLC peel, whereas the proanthocyanidin content of this cultivar was much higher than those of XJ-HT, XJ-KS, and XJ-PYM. As for juice, the highest levels of total phenolics and flavonoids were found in XJ-KS (1.39 mg GAE g −1 FW and 0.68 mg RE g −1 FW), and the lowest were found in SD-BLC (0.39 mg GAE g −1 FW and 0.19 mg RE g −1 FW). The total phenolic contents of the juices of XJ-KS, SD-QP, and XJ-HT were much higher than those of 10 Moroccan pomegranate varieties (0.41-0.83 mg GAE g −1 ) reported by Legua et al., [15] but lower than Turkish commercial pomegranate juices (2.602-10.086 mg GAE mL −1 ) reported by Tezcan et al. [31] and 10 pomegranate cultivars (3.151-7.429 mg GAE mL −1 ) reported by Li et al. [16] The flavonoid content of juices of these cultivars was similar to the data (0.46-0.72 mg g −1 ) reported by Fawole et al. [20] The total proanthocyanidin content of juices in the present study ranged from 0.09 to 0.14 mg CE g −1 FW, with the highest found for SD-QP. The total % were calculated as the percentage of the phenolics, flavonoids, or proanthocyanidins in juice, peel, or seeds to the total in whole fruits, respectively. Data are presented as mean ± SD (n = 3). S100 L. YAN ET AL proanthocyanidin content found in this study was lower than those (0.53 mg CE g −1 ) reported by Li et al. [32] The pomegranate seeds of the six cultivars showed less significant differences in the total phenolics, flavonoids, and proanthocyanidins. The above results indicated that the pomegranate peel was the most valuable part because it had the highest levels of total phenolic, proanthocyanidin, and flavonoid content. The best cultivar for total phenolics was SD-QP.
Antioxidant activities of six pomegranate cultivars
The antioxidant capabilities of the various pomegranate juices, peels, and seeds were assessed using DPPH and ABTS radical scavenging and FRAP. For ease of comparison, the values were expressed as mg TEAC g −1 DW in the peel and seeds and as mg TEAC g −1 FW in the juice. Results of the DPPH, ABTS, and FRAP (as shown in Table 4 ) clearly indicate that the pomegranate peel showed the strongest antioxidant activity. Differences in the antioxidant activity of the peel among the six cultivars were significantly different (p < 0.05). The highest and the lowest antioxidant activities were found for cultivars SD-QP and SD-BLC, respectively. Table 5 shows that the DPPH, ABTS, and FRAP of pomegranate peel were highly positively correlated with the total phenolic (γ = 0.954, 0.989, and 0.988, respectively) and flavonoid (γ = 0.983, 0.931, and 0.905, respectively) contents, in agreement with previous reports. [33] The antioxidant activities of pomegranate juice and seeds were far lower than that of the peel and were also associated with the total phenolics. However, Gil et al. [33] and Tezcan et al. [31] reported that commercial pomegranate fruit juices have higher antioxidant capacities than do laboratory hand-pressed juices because pomegranate peels are mixed into the fruit juice. Thus, the variations in antioxidant activities of pomegranate fruits reflected the effects of the fruit parts, the cultivar, and sample extraction methods. [6, 30] 
Identification of phenolic components in pomegranate peel
The UPLC-total ion chromatogram (TIC) and ultraviolet (UV) chromatograms of the pomegranate peel extracts at 254 nm and EIC mass spectra (m/z) of punicalin, gallic acid, punicalagin (α-and βisomers), and ellagic acid are shown in Fig. 3 . The retention times (Rt), UV/Vis (λ max ), mass spectra (m/z), and peak assignments for the individual phenolic components are specified in Table 6 . Ten Values of DPHH, ABTS, and FRAP (ferric reducing antioxidant power) were expressed as mean ± SD (n = 3) of mg Trolox equivalent antioxidant capacity (TEAC) g −1 DW in peel and seeds and mg TEAC g −1 FW in juice. The different letters in the same column mean significant differences (p < 0.05).
phenolic compounds were structurally identified in the pomegranate peel extracts of the six tested cultivars based on the MS profiles ( Fig. 4) . Compound 1, which eluted after 4.34 min, yielded a negative molecular ion at m/z 481 and produced a characteristic hexahydroxydiphenoyl (HHDP) residue (m/z 301). The fragmentation pattern and UV/Vis spectra were identical to those of HHDPhexoside, which has been previously reported in pomegranate juice and peel. [6, 34] Compound 2, with a Rt at 5.60 min, displayed a molecular ion at m/z 331 and fragmented to ions at m/z 169 (indicating the loss of a typical hexose moiety) and m/z 125 (characteristic fragment with the loss of carboxylic moiety from gallic acid). Hence, this compound was assigned as galloylhexoside, which has been identified in pomegranate juice previously. [6, 33] Compound 3 displayed an [M-H]ion at m/z 781 and produced typical fragment ions of gallagic acid at m/z 601, with the loss of a glucose moiety and m/z 449 (with further loss of a galloyl moiety). By comparing the Rt, λ max , and mass spectra with those of controlled substance of punicalin (4,6-gallagyl-glucoside), the compound was identified as punicalin, which has already been well characterized in pomegranate juice, bark, peel, and leaves. [6, 35] Compound 4, identified as gallic acid by comparison of the Rt, λ max , and mass spectra with the controlled substances, released an [M-H]ion at m/z 169 and produced fragment ions at m/z 125 (MS 2 ). The peaks eluted 6 ). The characteristic mass spectra and λ max (at 380 and 258 nm) were in agreement with the two isomers of punicalagin, which has been identified in many studies as the major phenolic compound in pomegranate. [6, 33, 36, 37] By comparing the Rts of the two isomeric forms (α-and βanomers), the peak at 12.4 min was assigned as α-punicalagin, and the other peak at 18.5 min as βpunicalagin. Lin et al. [38] reported that punicalin and punicalagin had potent antioxidant activities and hepatoprotective effects on acetaminophen-induced liver damage in rats. Compound 7 revealed a [M-H]ion at m/z 463 and characteristic fragment ions at m/z 301, with the loss of a hexoside moiety. The maximum absorption bands of the UV/Vis spectra occurred at 252 and 360 nm. Both the mass and UV/Vis spectra were in accordance with ellagic acid-hexoside, which has previously been found in pomegranate husk. [34] [35] [36] [37] [38] [39] Compound 8, which eluted after 42.95 min, exhibited an [M-H]ion at m/z 951 and produced a characteristic gallagyl fragment at m/z 601 in the MS 1 spectra. In the MS 2 spectra, typical fragments pointing to ellagic acid were observed at m/z 301 and 613, as a result of additional losses of water and ellagic acid moiety from the prominent fragment. Based on these characteristic ion fragments, it was identified as granatin B (galloyl-HHDP-DHHDP-hexoside), which was reported in pomegranate juice by Mena et al. [34] Compound 9 revealed an [M-H]ion at m/z 447.3, and it produced a typical moiety of ellagic acid at m/z 301 and a distonic radical at m/z 300. Therefore, compound 9 was identified as ellagic acid-deoxyhexoside, which is the deoxyhexoside of ellagic acidhexoside (compound 7). This compound has been previously detected in pomegranate husk. [39] Compound 10 was identified as ellagic acid, with a typical molecular ion of m/z 301 and characteristic fragment ions at m/z 229 (from the loss of four H 2 O) and 185 (with further loss of CO 2 ). Ellagic acid is present in the juice, seeds, and leaves of pomegranate and also has been reported in some other fruits, nuts, and vegetables. [6, 15, 23] Overall, these phenolic components in pomegranate peel included eight ellagitannins (ellagic acid, HHDP-hexoside, ellagic acid-hexoside, granatin B, punicalin, α/β-punicalagin, and ellagic aciddeoxyhexoside), one gallotannin (galloyl-hexoside), and one hydroxybenzoic acid (gallic acid). Previously, Fischer et al. [6] identified 48 compounds from Peruvian pomegranate fruit (including peel, mesocarp, aril, and juice), and Cristofori et al. [19] reported nine components in pomegranate peel from Italy. These varied results may be affected by many factors, such as cultivar source, growing and climatic conditions, extraction processes, and identification methods. The phenolic compounds noted above could be important contributors to the antioxidant capacity of pomegranate fruit. Although 10 phenolic compounds were identified in the pomegranate peel extracts of the six cultivars, the type of linkage of the different fragments in the ellagic acid-hexoside, HHDP-hexoside, ellagic acid-deoxyhexoside, and galloylhexoside was still ambiguous. Further assignment of these compounds was impossible using the present UPLC-DAD/ESI-MS n data.
Quantification of phenolic components in pomegranate peel
The identified phenolic components were quantified with respect to reference substances to compare the content of the major individual phenolic components in pomegranate peel from different cultivars. The typical chromatogram of TIC, UPLC-DAD at 254 nm and the EIC of gallic acid, punicalin, punicalagin, and ellagic acid are shown in Fig. 3 . Table 7 lists the contents of these compounds, calculated from their individual calibration curves, plotted as peak area at λ max as a function of the concentrations of reference substances in the six pomegranate cultivars.
The total contents of these four phenolic compounds in the peels of the six cultivars ranged from 19.05 to 124.42 mg g −1 DW and represented 33.04-79.82% of the total phenolics in the pomegranate peel extracts. Among these phenolic compounds, α/β-punicalagin was the dominant one, accounting for more than 90% of the phenolics in all of the tested cultivars (range, 17.8-114.5 mg g −1 DW), followed by punicalin, ellagic acid, and gallic acid. The punicalagin level was in accordance with literature reports indicating punicalagin contents of 39.8-121.5 mg g −1 for 16 pomegranate cultivars. [37] However, the punicalin, ellagic acid, and gallic acid contents were very small, with ranges of 0.75-5.42, 0.39-3.04, and 0.12-1.44 mg g −1 DW, respectively. Similarly, Seeram et al. [39] reported that pomegranate fruit husk contains major ellagitannins in the whole fruit, such as punicalagin (80-85% w/w) and ellagic acid (1.3% w/w), as well as an unquantified amount of punicalin.
Among the six cultivars, SD-QP possessed the highest contents of gallic acid, punicalin, α/βpunicalagin, and ellagic acid, and SD-BLC possessed the lowest. Meanwhile, changes in the global amount of the four individual phenolics in the six pomegranate cultivars coincided with the trend in the total phenolic content determined by the Folin-Ciocalteu method. Additionally, the total phenolic content in the pomegranate peel was positively correlated with antioxidant activity. According to the above findings, the SD-QP peel may be an ideal material for phenolic preparation (especially for α/β-punicalagin), and α/β-punicalagin could be the critical contributor to the antioxidant activity of pomegranate fruit.
Conclusion
In the present study, we demonstrated that the physicochemical characteristics, antioxidant capacities, and phenolic profiles of pomegranate fruit were significantly affected by the cultivar. Among the six cultivars studied, SD-QP showed the highest content of phenolics and flavonoids, the highest TS/TA ratio, and the best antioxidant activities, indicating that SD-QP would be the best cultivar for the pomegranate phenolic industry. Notably, this study indicated that the pomegranate juice traditionally consumed only contains a minor portion of the total phenolics, flavonoids, and proanthocyanidins of the pomegranate fruit, and the majority of the phenolics and flavonoids are present in the pomegranate peel. These phenolic compounds consist of eight ellagitannins, one gallotannin, and one hydroxybenzoic acid, among which α/β-punicalagin was the most abundant. Therefore, pomegranate peel, rather than the juice and seeds, is a better choice for the pomegranate phenolic preparation industry. This study increased our knowledge concerning variations in the physicochemical characteristics and phenolic profiles, as well as antioxidant activities of pomegranate fruit, and provided clues for further breeding efforts. The research will aid in the selection of the optimal cultivar and raw materials for the development of new nutritional supplements.
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